Selenocystamine dihydrochloride (o-0o3 raM) inhibited partMe-associated RNAdependent RNA polymerase activity of influenza B/LEE/40, influenza A/WSN/34 (Ho NI), A/RI-5 + (H2 N2), recombinant A/RI-5 + (N2)-A/wsN/34 (Ho) and recombinant A/KOREA/68 (Hz)-A/BEL (NI) in vitro. The structurally related compounds L-cystine, cystamine and N,N'-diacetyl selenocystamine were less active and inhibited influenza B/LEE particle-associated RNA-dependent RNA polymerase activity by o/ 5o/o at concentrations of > 0"3, 0"3 and o.o18 mM, respectively. Particle-associated RNA-dependent RNA polymerase activity was inhibited immediately by addition of selenocystamine. The inhibitory activity of o.oI mMselenocystamine was reversed completely by the addition of o.o6 mM-/?-mercaptoethanol and partially by dialysis of a virus-selenocystamine mixture. High concentrations (3 raM) of the compound had no detectable effect on influenza virus haemagglutinin or neuraminidase activities, but virus infectivity was reduced significantly after incubation with 0.o3 mM-selenocystamine.
INTRODUCTION
In addition to the enzyme neuraminidase, influenza virus particles possess RNAdependent RNA polymerase enzyme activity (Chow & Simpson, 1971; Skehel, 1971) . In vitro tests have shown that the RNA polymerase transcribes some or all of the genome of the influenza virus (Bishop, Obijeski & Simpson, T97I) and may thus have an important function in the initiation of intracellular multiplication of the virus. Inhibitors of influenza-RNA-dependent RNA polymerase activity (Ho et al. 1967; Ho & Walters, I970 would therefore have practical importance as potential chemotherapeutic agents and would also be useful for investigating function of the polymerase enzyme. Ho & Walters (I97I) have described the inhibition of cell-associated influenza A/PR8 (Ho N T) virus-induced RNAdependent RNA polymerase by selenocystine. The present communication describes the inhibition of the partMe-associated RNA-dependent RNA polymerase of a number of influenza A and B virus strains by selenocystamine hydrochloride (Fig. I ) and investigates the effect of this inhibitor on other biological properties of the influenza virus. Inhibitor of influenza RNA polymerase 13
RESULTS
Purity of virus preparations and specificity of influenza particle-associated RNA polymerase Influenza B/LEE virus, used in these experiments was, dissociated with 1% SDS and o. I rag/ ml dithiothreitol and eiectrophoresed in polyacrylamide gels to detect any major contamination by cellular proteins. Seven polypeptides were detected reproducibly from different preparations of influenza B/LEE and these were identified by fractionating the virus on cellulose acetate strips using SDS or sodium deoxycholate and running parallel gels of the identified and fractionated proteins (J. S. Oxford, in preparation). No unidentified contaminating polypeptides were detected.
RNA polymerase activity was detected in purified influenza B/LEE virus suspensions. The polymerase reaction was not inhibited by 5o #g/ml actinomycin D, and addition to the reaction mixture of ~o #g of calf thymus DNA or IO #g of yeast RNA had no detectable effect on the incorporation of [~H]-UMP into acid precipitable product. In the presence of IO #g/ml of ribonuclease no incorporation of [ZH]-UMP into acid-precipitable product was detected, whereas 2o #g/ml deoxyribonuclease had no detectable effect on the reaction. The results suggested that an RNA template was required. Finally, no DNA-or RNA-dependent DNA polymerase (J. S. Oxford, in preparation) activity was detected in these purified particles.
The RNA-dependent RNA polymerase activity associated with purified influenza particles in the present study was found to be dependent on Mn ~+ and the four nucleoside triphosphates, and activity was directly proportional to the amount of virus protein in the reaction mixture. These results confirm those of Chow & Simpson (I 971) , and unless otherwise stated, in the following experiments both Mg 2+ and Mn ~+ were added to the reaction mixture. Skehel (I 97 I) reported that either Mn z+ or Mg 2+ stimulated the reaction, depending on the temperature of incubation, but this effect was not investigated in the present study. RNA polymerase activity by IOO % was noted in different experiments. Ho et al. (1967) reported that the cell associated RNA-dependent RNA polymerase activity induced by influenza A/PR8 (Ho N I) virus was inhibited by 50 % on the addition of o-oi mM-selenocystine.
Dose response with selenocystamine
The structurally related compounds L-cystine, cystamine and N,N'-diacetyl selenostamine were less active when added to the complete reaction mixture at zero time and inhibited the RNA-dependent RNA polymerase activity of influenza B/LEE by 50 % at concentrations of > 3"o, 0"3 and o.o 18 raM, respectively. Similarly, selenyl chloride only inhibited RNA polymerase activity when added at relatively high concentrations (3"o raM) to the complete reaction mixture at zero time immediately before incubation at 37 °C.
Spectrum of inhibitory activity
Selenocystamine inhibited particle-associated RNA-dependent RNA polymerase activity of both influenza A and B strains (Table I) . Influenza B/LEE particle-associated RNA polymerase was more sensitive to inhibition than were the particle-associated RNA polymerases of A/WSN ( 
Mode of action of selenocystamine
Attempts were made to reverse the inhibition of o-o I mM-selenocystamine on the particleassociated RNA-dependent RNA polymerase of influenza B/LEE by adding an excess of Mg 2+, Mn 2+, nucleoside triphosphates and detergent, singly and in combinations, to the reaction mixture (Table 2) . Selenocystamine inhibited RNA polymerase activity in the presence of a molar excess of each of the reactants, which suggested that the compound was not inhibiting the polymerase reaction by simply chelating added metal ions such as Mg z+ or Mn 2+ or reacting with essential precursors. In control experiments, the addition of excess nucleoside triphosphates and Nonidet P 4 ° in the absence of selenocystamine had no effect on the RNA polymerase activity, but the addition of excess Mg 2+ and Mn 2+ to final concentrations of ~ I mM and 6 mM, respectively, inhibited enzyme activity by 20 %.
In further experiments, o'o75 mM-selenocystamine was mixed with influenza B[LEE virus for I5 min at room temperature and the mixture dialysed overnight against tris-HC1 buffer, pH 8% to remove selenocystamine (Table a) . After dialysis, 7I-1% of the original RNA polymerase activity was detected again which indicated that the reaction of the compound with virus particle polymerase was partially reversible. However, no recovery of RNA polymerase activity was obtained after dialysis of mixtures of virus with concentrations of selenocystamine greater than o-I mM. The addition to the virus-reaction mixture ofo.o6 mMp-mercaptoethanol either before or after the addition of o.oI mM-selenocystamine prevented or reversed completely the inhibitory activity of selenocystamine (Table 3) .
Sodium p-chloromercuribenzoate (o.m mM) added to the reaction mixture at time zero inhibited incorporation of [SH]-UMP by 5o % and the inhibitory effect was reversed by the 
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simtdtaneous addition of I mM-fl-mercaptoethanol. This indicated the presence of reactive -SH groups associated with or influencing the activity of the RNA polymerase enzyme. Selenocystamine could be added after the RNA polymerase reaction had been initiated at 37 °C and no further incorporation of [3H]-UMP into acid-precipitable product could then be detected (Fig. 3) . In the control curve, incorporation of [3H]-UMP into acid-precipitable counts increased rapidly for the first 30 min. Addition of o'o75 mM-selenocystamine 5 or I5 min after initiation caused immediate inhibition of pH]-UMP incorporation. The decrease in radioactivity counts immediately after addition of selenocystamine suggested traces of RNase activity in the compound, but none could be detected by incubating concentrations of I to IOO #g/ml of selenocystamine with [~H]-labelled ribosomal RNA for 3o rain at 37 °C, in o-o5 M-tris-HC1 buffer, pH 8.o, a test which in parallel experiments detected o.oor #g/ml of added RNase. The compound, therefore, did not appear to exert its main effect on the initiation of RNA polymerization or on the first binding of template and RNA polymerase enzyme.
To determine if selenocystamine specifically inhibited RNA polymerase activity or had a more general activity, the effect of a range of concentrations of the compound on the biological activity of virus haemagglutinin and neuraminidase was investigated. High concentrations of selenocystamine (3 mM) had no effect on the haemagglutinin titre or the neuraminidase activity of influenza B/gEE virus when selenocystamine was incubated with virus suspensions in o'o5 M-tris-HC1 buffer, pH 8-o, for 30 min at 37 °C (Table 4) -Similar results were obtained with influenza A/WSN (Ho N I). However, when o'o3 mM-selenocystamine was incubated with infective B/LEE virus for 30 rain at 37 °C in tris-HC1 buffer, pH 8.o, and the mixture titrated in eggs for residual infective virus, the virus infectivity titre was reduced significantly. This compared with o'oo3 mM-selenocystamine required to inhibit activity by 5o % of the particle-associated RNA-dependent RNA polymerase in vitro, but in the infectivity experiment suspensions of semi-purified virus were used since samples of more highly purified virus had little infectivity; therefore, contaminating cellular proteins may have bound and effectively removed selenocystamine. When equivalent concentrations of selenocystamine and influenza B/LEe virus were mixed and immediately inoculated into eggs no inhibition of virus growth was detected. Studies on the virustatic effect of selenocystamine in tissue culture and in ovo will be reported elsewhere (J. S. Oxford, in preparation).
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DISCUSSION
The present study confirms the presence of a particle-associated RNA-dependent RNA polymerase in strains of purified influenza A and B viruses (Chow & Simpson, 1971 ; Skehel, I970 . The influenza B]LEE virus preparations used, reproducibly gave seven polypeptides when dissociated and electrophoresed in polyacrylamide gels under reducing conditions, and showed no evidence of contamination with cellular proteins. The polypeptide composition of influenza B/LEE and other strains of influenza B virus (J. S. Oxford, in preparation) is thus similar to that of influenza A viruses (Skehel & Schild, I97I; Compans et al. I97o) . The maximum degree of activity of the particle-associated RNA-dependent RNA polymerase in the present study was approximately IOO p-tool of [aH]-UMP incorporated/mg of influenza B/LEE or A/WSN (Ho NI) virus protein/h. This compares to values of I24 and t5o p-tool reported by Chow & Simpson 0971) for these two influenza viruses.
Selenocystamine hydrochloride markedly inhibits influenza A and B particle-associated RNA polymerase activity in vitro, although an additional effect on virus proteins such as the ribonucleoprotein and membrane protein is not excluded by the results presented here. The compound has no detectable effect on the neuraminidase enzyme or the haemagglutinin of the influenza strains tested. Elucidation of the exact mode of action of selenocystamine will require studies with purified influenza RNA polymerase and exogenous RNA template. However, selenocystamine does not appear to inhibit RNA polymerase by chelating essential added divalent metal ions, such as manganese or magnesium, or by reacting with a precursor in the reaction mixture. Further, it does not appear to depend for its activity on interfering with the initial association of polymerase enzyme and RNA template; this conclusion would be invalid, however, if the apparent increase in incorporation of [~H]-UMP with time is a result of continuing initiation which for some reason may not be instantaneous. Selenocystamine may react by reversible binding with-SH groups in the RNA polymerase protein.
If these -SH groups are near or on the active site of the enzyme or have conformational properties then enzyme activity could be inhibited. An alternative explanation is that selenocystamine acts as a ligand and chelates essential metal of a metalloenzyme or metal activated enzyme (J'. S. Oxford & D. D. Perrin, in preparation). Mercaptoethanol may reverse the inhibitory effect of selenocystamine by a reductive scission of diselenide to selenol (Sakurai, Yokoyama & Tanaka, 197 I) and hence the apparent protective effect offl-mercaptoethanol on the particle RNA polymerase activity can not differentiate between these alternative modes of action of selenocystamine. Further, there is no evidence at present that influenza virus RNA-dependent RNA polymerase is a metalloenzyme or a metal activated enzyme. More detailed studies are in progress using [75Se]-selenocystine to investigate the binding of the compound to purified virus proteins and RNA.
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